There is no significant variation in the sequences of hexon and fiber genes among strains from symptomatic and asymptomatic children. Our data confirm the circulation of an AdV-41 strain with a novel pattern in Kolkata, India, among children below 5 years of age.
Diarrheal diseases are a major public health problem that particularly affect children in developing countries. Acute gastroenteritis is a global health problem and a major contributor to childhood morbidity and mortality reported worldwide (30) . It has been reported that approximately 1.76 million deaths occur due to gastroenteritis among children (age, Ͻ5 years) worldwide (36) . A number of bacterial, viral, and parasitic agents have been identified in patients with acute diarrhea (3, 13, 15, 21, 31, 54) . Among the different enteric diarrheal viruses, rotaviruses are considered a major cause of severe gastroenteritis in infants and young children worldwide (35) . The association of other enteric viruses, such as caliciviruses, astroviruses, and enteric adenoviruses (AdVs), with diarrhea has been reported in recent studies (1, 31, 41, 46) as well as a previous study (51) . Human adenovirus belongs to the Mastadenovirus genus of the family Adenoviridae and has been implicated in acute respiratory, gastrointestinal, and urinary tract infections. To date, 52 human adenovirus serotypes have been identified and classified into six subgenera (subgenera A to F) on the basis of their biological and genetic characteristics (50) . Among these subgenera, subgenus F (AdV F), representing adenovirus type 40 (AdV-40) and AdV-41, has been found to be associated with acute gastroenteritis and is responsible for 1 to 20% of the cases of diarrheal disease globally in both outpatients and hospitalized children (5, 24, 41, 42, 48) . AdV-40 and AdV-41 primarily affect young children less than 2 years of age and occur throughout the year. The clinical characteristics include watery diarrhea accompanied by vomiting, low-grade fever, and mild dehydration. A distinct feature of AdV-40 and AdV-41 infections is the protracted diarrhea (means, 8.6 and 12.2 days, respectively).
AdV-40 and AdV-41 differ from all other adenoviruses, as they are difficult to cultivate in conventional cell cultures. Due to this, enzyme-linked immunosorbent assay (ELISA) and solid-phase immune electron microscopy are the methods primarily used for diagnosis. Species-specific PCR targeting human adenoviruses and restriction endonuclease digestion of the PCR amplicon have also facilitated the rapid and accurate diagnosis of adenovirus infection in clinical specimens during the past decade (2, 37) .
In India, a few reports have described AdV F infection in children with gastroenteritis (40, 44) , with AdV-41 predominating (49); however, there is no report from Kolkata, West Bengal, India, which is one of the areas of endemicity for diarrheal diseases. The main objective of the present study was to determine the prevalence of enteric adenoviruses as a cause of diarrhea among children Ͻ5 years of age from Kolkata and to perform a genetic analysis of AdV-41. Additionally, the seasonality of adenovirus infection from this region of India was also investigated.
MATERIALS AND METHODS
Study population, sample collection, and processing. A total of 1,053 and 1,305 stool samples were collected from symptomatic and asymptomatic children (age, Ͻ5 years), respectively, from the B. C. Roy Memorial Hospital for Children and Infectious Diseases Hospital in Kolkata from December 2007 to December 2009. Inclusion criteria for symptomatic children included passing of three or more loose/watery stools within 24 h. The control population was healthy children from an urban population in the same region who had had no diarrhea during the 2 weeks preceding enrollment in the study. Written informed consent was obtained from the parents of the enrolled children. The study was approved by the institutional ethical committee. Aliquots of stool samples were stored at Ϫ20°C.
Extraction of viral genome. Viral DNA was extracted from 200 l of fecal suspension using an automated nucleic acid isolation system (NucliSens easyMAG; bioMérieux, Netherlands), according to the manufacturer's procedure.
Detection of adenovirus and enteric adenoviruses by ELISA. Adenovirus was detected by use of a ProSpecT adenovirus ELISA kit (Oxoid, Cambridge, United Kingdom) following the manufacturer's procedure. The adenoviruspositive fecal samples were further screened for enteric adenovirus by use of a serotype-specific Adenoclone 40/41 ELISA kit (Meridian Bioscience Inc., Cincinnati, OH).
Detection of enteric adenovirus by PCR. Nucleic acids of 101 ELISA-positive samples were used for identification of AdV-40 and AdV-41. The hexon gene was amplified using primers AdFhex(ϩ) (5Ј-GCCACCGATACCTACTTCAGC CTG-3Ј) and AdFhex(Ϫ) (5Ј-GGCAGTGCCGGAGTAGGGTTTAAA-3Ј), followed by DNA sequencing of the ϳ261-bp PCR product. PCR was performed at 94°C for 5 min, followed by 35 cycles of 94°C for 30 s, 50°C for 30 s, and 72°C for 1 min and a final extension at 72°C for 7 min and was then held at 4°C. The PCR products were electrophoresed in a 1.5% agarose gel.
Serotyping of adenovirus by PCR and sequence analysis. AdV-41 was further subtyped by using specific primers S29(ϩ) (5Ј-GCCAGCACRTWCTTTGACA T-3Ј) and S52(Ϫ) (5Ј-CCCATGTTGCCAGTGCTGTTGTARTACA-3Ј) of three hypervariable regions (HVRs) of the hexon gene (24) . PCR was performed under the same conditions mentioned above but with annealing at 55°C. The primers gave an amplicon of 668 bp. The partial shaft region of the fiber genes was also amplified using primers AdFfib(ϩ) (5Ј-ACTTAATGCTGACACGGG CAC-3Ј) and AdFfib(Ϫ) (5Ј-TAATGTTTGTGTTACTCCGCTC-3Ј) for phylogenetic analysis (16, 53) . PCR was performed in a 0.2-ml reaction tube in a total volume of 25 l containing 5 l of 5ϫ Go Taq reaction buffer, 0.5 l of a 10 mM deoxynucleoside triphosphate (dNTP) mixture, 0.2 l Go Taq polymerase (5 U/l), 1 l of each primer at 10 pM, and 2 l of nucleic acid extract, according to the manufacturer's instructions (Promega Corporation, Madison, WI). The primers gave an amplicon of 561 bp.
Nucleotide sequence and phylogenetic analysis. For sequencing, the PCR amplicons were purified using a QIAquick PCR purification kit (Qiagen, Netherlands) and directly sequenced using a BigDye DNA sequencing kit in an automated DNA sequencer (ABI Prism 3100; Applied Biosystems, Foster City, CA). Both the forward and reverse primers were used for sequencing the PCR products. The nucleotide and deduced amino acid sequences of the hexon gene and the partial shaft region of the fiber gene were compared with those of prototype and other reported strains of enteric adenoviruses using ClustalX software. The following reference strains of human adenovirus (with their GenBank accession numbers in parentheses) were selected: for the hexon genes, D1-VN47 (AB103341), D4-VN28 (AB103342), D12-JP3171 (AB103343), D22-Km079 (AB103344), D26-JP31106 (AB103345), D27-JP2149 (AB103346), D25-Ks35 (AB103347), D28-VN1020 (AB103348), and TAK (X51783), with strain Dugan (X51782) used as the outgroup, and for the fiber genes, strains TAK (X16583) and M60327 (FB585), with strains Dugan (L19443) and GU245891 used as the outgroup. Phylogenetic analyses was done using the MEGA (version 4) software package (47) . Trees were constructed by the neighbor-joining (NJ) method with 1,000 bootstrap replications in the ClustalW program and drawn by use of the NJ plot program (http://pbil.univ-lyon1.fr/software/njplot.html).
Nucleotide sequence accession numbers. The nucleotide sequence data for the hexon and fiber genes were submitted to GenBank (DDBJ, Japan) and were assigned accession numbers HQ005278 to HQ005290 and HQ010340 to HQ010358, respectively.
RESULTS
Prevalence of adenovirus infection among children in Kolkata. Among 1,053 children (age, Ͻ5 years) with diarrhea, 69 (6.5%, 69/1,053) were adenovirus ELISA positive, and of these, 42 (4.0%, 42/1,053) were positive for enteric adenovirus serotype 40/41. In 1,305 asymptomatic children, 32 (2.5%, 32/ 1,305) were adenovirus ELISA positive, and of these, only 9 (0.7%, 9/1,305) were positive for enteric adenovirus 40/41. For further confirmation of enteric adenovirus subtypes, all the adenovirus-specific-ELISA-positive samples were subjected to PCR with hexon gene-specific primers, followed by sequencing, and were analyzed by BLAST analysis of the nucleotide sequences. PCR followed by sequencing of 101 (69 ϩ 32) samples revealed a higher frequency of enteric adenovirus 40 Correlation of adenovirus infection with age and seasonality. To determine whether seasonal changes play a role in the prevalence of adenovirus, the data were analyzed on a monthly basis for 2 years. Enteric AdV infection was predominant in February and March in both years, though sporadic cases were observed throughout the year (Fig. 2) . In both symptomatic and asymptomatic cases, enteric adenovirus infection was mostly detected in children of less than 2 years of age. The median age of children with AdV-40 infection was 8 months (range, 3 to 20 months), whereas it was 15 months (range, 5 to 55 months) for AdV-41-positive cases.
Nucleotide sequence and phylogenetic analysis of hexon and fiber genes of AdV-41 strains. For genetic analysis, one to three HVRs of 16 representative strains of AdV-41 obtained in the present study (identified during the entire span of the study) were sequenced. Of the 16 strains, 2 were taken from asymptomatic children for comparison of sequences. A phylogenetic tree based on the nucleotide sequences of the hexon gene was subsequently constructed. This analysis revealed the presence of two genomic type clusters (GTCs) in the population (Fig.   FIG. 1 (24) . The nucleotide sequence identities between the two GTCs in the hexon gene ranged from 91.2 to 100%. For the hexon gene, the nucleotide sequence identities among themselves were 99.7% to 100% for GTC1 and 100% for GTC2. This is the first report which shows the prevalence of AdV-41 of GTC1 (D1 and D28) and GTC2 (D4) in Kolkata. A phylogenetic tree based on the nucleotide sequences of the shaft region of the fiber gene revealed clustering of all the 14 representative strains along with the strains of GTC2 (Fig.  3b) . The nucleotide sequence identity was found to be 99.5 to 99.7% among themselves and 88% to 88.7% with the prototype strain (TAK). ClustalW analysis of the deduced amino acid sequences showed 15 amino acid deletions in all the Kolkata strains sequenced in this study (Fig. 4) . This deletion of the 15 amino acids was confined to 15th repeat motif in the fiber gene shaft region.
DISCUSSION
Molecular epidemiological studies are increasingly important in the field of clinical adenovirus research (24, 34) . Epidemiological studies of adenovirus in infants and children with acute gastroenteritis have shown its importance in both developed and developing countries (6, 10, 11, 17, 18, 23, 31, 39, 43, 49) . Next to rotavirus, enteric adenovirus has been shown to be the most common cause of pediatric viral gastroenteritis in Kolkata (31) . In Japan, the high incidence (8%) of adenovirus infection made adenovirus a second common agent of acute gastroenteritis (41) . In the present study, we analyzed stool samples by ELISA and by PCR and sequence analysis and observed enteric AdV infections at rates of 4% (42/1,053 samples) and 5.3% (56/1,053), respectively, in symptomatic children and 0.9% (9/1,305) and 1.7% (22/1,305), respectively, in asymptomatic children. The actual prevalence would have been slightly higher if PCR instead of ELISA was used as the first step in screening, but screening 2,358 samples by PCR was both time-consuming and costly. The results of our study are consistent with the rates of detection of adenoviruses among acute gastroenteritis cases in other developed and developing countries, which range from 2.3 to 38%, although the methods of detection are not comparable (11, 22, 25, 27, 28, 32) .
The age distribution of individuals with AdV-40/41 infection confirmed that 90% of the positive cases occurred in children under 2 years of age. Even though the prevalence rate was low in asymptomatic children, in both the symptomatic and asymptomatic groups of children, children under 2 years of age were found to be more susceptible to AdV-40/41 infection. Our result is consistent with the findings of epidemiological studies on enteric adenoviruses worldwide, in which adenovirus infection associated with acute gastroenteritis is reported predominantly in infants and young children (1, 7, 10, 18, 29, 33, 38, 41) . As reported in many studies, we also observed that the frequency of AdV-40/41 infection was high but sporadic during winter months (4, 9, 11, 17, 45) . Diarrheal outbreaks due to AdV-40/41 infection were reported to occur from November to January (10, 41) .
Very little information on the molecular characterization of adenovirus serotypes is available. Verma et al. (49) on September 23, 2017 by guest http://jcm.asm.org/ adenovirus serotypes (7.7%) associated with acute gastroenteritis in infants and children in western India, but the strains were not further characterized. The prevalence of species D human adenoviruses was found to be high in Kenyan children with diarrhea (26) . In this study, PCR-based sequence analysis of genomic DNA of adenoviruses confirmed that serotype 41 is more prevalent (68%), followed by serotype 40 (32%). Serotypes 15 and 5 were also reported to be associated with diarrhea in the region, but their prevalence was very low. To our knowledge, this is the first report of the detection of an association of serotypes 15 and 5 with diarrhea. However, mixed infections with other pathogens as the cause of diarrhea in this case cannot be ruled out. In previous reports, a predominance of AdV-41 over AdV-40 has been shown (10, 11, 14, 19, 39, 41) . This trend may be associated with the higher pathogenicity of AdV-41 in these communities (24, 52) . In contrast, studies in rural Bangladesh, the Netherlands, and Germany showed that the frequencies of these two serotypes were almost the same (8, 17). Long-term monitoring for these serotypes in the same population where adenovirus is endemic may give an answer regarding serotype drifts, if any exist. The phylogenetic tree for the 1 to 3 HVRs of the hexon gene confirmed the presence of two genomic type clusters: GTC1 and GTC2 (24) . AdV-41 has already been characterized by sequencing of the hexon gene, which classifies it into two genomic type clusters, GTC1 and GTC2. GTC1 includes strains D1, D25, D26, D27, and D28 and GTC2 contains strains D4, D12, and D22 (24, 52) . The existence of two GTCs reflects the accumulation of amino acid mutations in the HVRs of the hexon gene. This is the first report from India demonstrating circulation of two distinct AdV-41 genome types in the same population. It is very interesting to note that The designations indicate the strain name/city name/month of infection/year of infection for the strains detected in this study. GTC1 and GTC2 denote genome type clusters in the hexon gene, as described by Li et al. (24) . For the hexon gene, the following reference strains of human adenovirus (GenBank accession numbers are indicated in parentheses) were selected from GenBank: for hexon genes, D1-VN47 (AB103341), D4-VN28 (AB103342), D12-JP3171 (AB103343), D22-Km079 (AB103344), D26-JP31106 (AB103345), D27-JP2149 (AB103346), D25-Ks35 (AB103347), D28-VN1020 (AB103348), and TAK (X51783), with strain Dugan (X51782) used as the outgroup, and for the fiber gene, TAK (X16583) and M60327 (FB585), with strains Dugan (L19443) and GU245891 used as the outgroup.
VOL. 49, 2011 MOLECULAR CHARACTERIZATION OF ADENOVIRUS SEROTYPE 41 503 accession numbers AB103342). Li et al. (24) first reported the same pattern of hexon gene sequence clustering in AdV-41 strains identified from stool samples from Vietnamese children, which was also seen in the present study. Our study has a limitation because it did not use the antigen-specific monoclonal antibody ELISA used by Li et al. (24) . The sequences of the hexon genes of two strains of AdV-41 from stool samples from asymptomatic children revealed that the sequences were identical to those of the hexon genes of strains from stool samples from symptomatic children. For the correlation of the GTC of the hexon gene with that of the fiber gene, a phylogenetic tree was constructed for the fiber gene, which confirmed that most representative strains cluster and are associated with the GTC2 hexon gene. Fukuda et al. (12) reported one strain with a GTC1 (D1 and D28) hexon gene which clustered with strains with a GTC2 (D4) fiber gene sequence, and this could be due to recombination between adenoviruses of the same type. Four strains with a hexon gene of GTC1 (D1 and D28) but a fiber gene of GTC2 were identified in this study, indicating possible recombination among cocirculating strains. Interestingly, analysis of the amino acid sequences of the fiber gene revealed deletion of 15 amino acids in the Kolkata strains. There are 22 repeat motifs in the shaft region of the AdV-41 fiber polypeptide, where there are 21 motifs in the shaft region of the AdV-40 fiber polypeptide. In the present study, deletion of the 15th repeat motif of AdV-41 was observed. All the AdV-40 Kolkata strains had 21 repeat motifs (data not shown) and a 15-amino-acid deletion from the 14th repeat motif of the fiber shaft polypeptide, as reported above. The coding region of the shaft region was intact, as the entire 15-amino-acid coding region from both AdV-40 and AdV-41 had been excised from the sequence. This deletion of the 15th repeat motif from novel AdV-41 strains decreases the length of the fiber, and so it became the same size as the fiber of AdV-40. It seems that AdV-40 and this novel AdV-41 strain circulating in the eastern part of India use the same mechanism of interaction with the host receptor. This deletion has been evolutionarily conserved in the strains circulating in Kolkata. This diversity of AdV-41 has been previously reported, where strains Ad41/D6/17951/Netherlands/83 and Ad41/D8/N7761/Canada/81 had similar deletions (20) . Unfortunately, the genome sequences of these strains are not available in GenBank for comparison with the fiber and hexon gene sequences of the Kolkata strains. The fiber shaft has a triple ␤-spiral motif which is stable yet flexible. It has been speculated that a shortened fiber length may also have implications in improved replication (20) and/or an association with pathogenicity, which has yet to be proved.
In conclusion, our findings suggest that the novel AdV-41 strain is an important pathogen in causing acute gastroenteritis among children in Kolkata. To our knowledge, this is the first report on genetic characterization of AdV-41 strains, revealing the presence of unique 15 amino acids deletion in the fiber gene, irrespective of the GTC1 or GTC2 genotype.
